SUMMARY Samples from 34 patients were studied both histologically and immunocytochemically by the indirect biotin-avidin peroxidase technique to analyse the distribution of the extracellular matrix components (type IV collagen, fibronectin, types I and III collagens) in dissection of the aorta. Most showed defects in type IV collagen around medial smooth muscle cells. Defects in smooth muscle cell basement membrane were found throughout the media in cystic medial degeneration and in medionecrosis, whereas in atherosclerosis such unlabelled areas were found only above advanced atherosclerotic plaques. In aortitis other defects in the smooth muscle cell basement membrane were found in areas of inflammatory infiltrates. In all of these conditions similar defects in fibronectin expression were also found. No defects in the expression of interstitial collagens type I and III were seen in the dissecting aortas. Moreover, cystic medial degeneration, medionecrosis, and atherosclerosis were characterised by intense staining of these interstitial matrix components. In the pathogenesis of the aortic dissection local changes in the basement membranes of the medial layer may be important.
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Aortic dissection is the most common and often lethal catastrophy that occurs in the aorta.' Controversy surrounds its pathogenesis. 1 2 Recent studies emphasised the role of haemodynamic factors, especially hypertension, in its pathogenesis.26 Some connective tissue and metabolic diseases, however, increase the risk of aortic dissection at an early age.' [7] [8] [9] Therefore, the part played by defects in the aortic wall itself remains unclear.
Since the original description of idiopathic cystic medionecrosis by Erdheim7 medial changes have been regarded as having a central role in aortic dissection.' 6 At present, cystic medial degeneration is defined as the pooling of mucoid material and the appearance of cyst like structures in the media and medionecrosis as an apparent loss of nuclei in the media.2 Histological studies, however, have further indicated that none of the pathological features evident in dissecting aortas could be regarded as specific for this condition. 1 2 6 10-13
Although cystic medial degeneration (CMD) and medionecrosis commonly occur in dissecting aortas, these conditions are also often found in normal aortas.2 6 A feature common to most dissecting aortas is the fragmentation of elastic fibres, ' 3 6 10 but this may Accepted for publication 2 December 1985 be a rather non-specific reaction to various diseases that cause injury and repair in the aortic wall.
In recent years several studies have described the composition of the extracellular matrix (ECM) of the aortic wall.14-22 So far, however, no immunohistochemical studies have been presented on the distribution of such components in dissecting aorta. We therefore analysed the ECM composition of samples from dissecting aortas and compared it with those of the ECM found in the wall of normal aortas. The affinity purified monospecific rabbit antibodies against types I, III, and IV collagens and fibronectin applied for this study have been described previously.25 -28 They were kindly donated by Drs R Timpl (Max Planck Institute, Munchen, Federal Republic of Germany) and A Vaheri (University of Helsinki, Finland).
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The histological survey of 34 dissecting aortas disclosed several distinct pathological entities: cystic medial degeneration (CMD), medionecrosis, atherosclerosis, and inflammation, but some aortas were normal. Atherosclerotic plaques were often present with medial changes. Hence classification into one histopathological entity was not possible in all cases. In addition, the degree of changes varied even within 1075 samples from a single case. Table I shows the histopathological features of 34 dissecting aortas. Histologically, the control specimens were normal or had minor atherosclerotic changes. No medial changes were present. Elastic fragmentation and a loss of elastic fibres in the media were seen in most patients. Only five had a normal elastic fibre pattern. Histologically, three of these aortas were normal and two had mild atherosclerosis. Fragmented elastic fibres were seen in association with all histopathological changes.
CMD was seen together with various degrees of medionecrosis (fig la) , but medionecrosis was also seen without CMD above advanced atherosclerotic plaques. The three patients with Marfan's syndrome all showed typical CMD with increased staining of acid mucopolysaccharidic extracellular material and cyst like spaces in the media.
Various degrees of atherosclerosis were seen in the aortic samples of 16 patients. In samples with fatty streaks or fibrotic plaques the media was intact, and only mild, or no, elastic fragmentation was seen. In severely atherosclerotic samples (eight patients) the demarcation between the intima and media was not clear, and fibrosis also continued as far as the medial layer. In these areas fragmented elastic fibres could be seen and the number of nuclei was decreased. Some samples, however, had medial changes that seemed to be independent of the atherosclerosis, when CMD was seen in association with mild atherosclerotic changes.
Aortitis was seen in two cases. Pronounced inflammatory infiltrates were found in both, but in one they consisted almost exclusively of lymphocytes with a few histiocytes, and in the second mostly granulocytes with some eosinophilic leucocytes and lymphocytes (fig lb) . The histological picture in the first case is characteristic of a non-specific aortitis, but in the second case it was more acute. This patient developed the aortic dissection soon after giving birth. Total scarring was found in one case: the aortic wall had been replaced by fibrous tissue and only remnants of medial cells or elastic fibres were found. In the remaining three cases the aortic wall was histologically normal. (fig 2a) .
In aortas with CMD and medionecrosis the expression of the basement membrane collagen was often discontinuous and large unstained areas were often found (fig 2b and c) . In these areas elastic fibres were fragmented. A rough correlation could be seen between the quantity of fragmented elastic fibres and the defects of basement membrane collagen around smooth muscle cells in the media. In addition, unlabelled areas in the media were smaller, and the normal continuous expression of type IV collagen was better preserved in samples with mild and moderate medionecrosis than in those in which it was severe.
In specimens with mild or moderate atherosclerosis type IV collagen was seen in longitudinal sheets similar to those found in control aortas. In samples with advanced atherosclerotic lesions with medial scarring type IV collagen was also missing above the intimal plaque (fig 2d) .
In the samples with aortitis numerous neovascular capillaries could be stained with antibodies against type IV collagen (fig 2e) . In the areas with inflammatory cells the expression of type IV collagen was irregular and fragmented. In the samples with total scarring of the aortic wall no expression of type IV collagen was found around the medial cells but the subendothelial basement membrane was brightly stained (not shown).
Fibronectin was seen in the control samples throughout the wall: in the subendothelial basement ; o * _ * ' ; ; y -ii4. The interstitial collagens types I and III were seen in all layers of the aortic wall. In histologically normal aortas they formed thick longitudinal sheets in the media (fig 4a) ; in CMD, medionecrosis, and aortitis no defects of these fibres could be found (fig 4b) . In atherosclerosis staining for interstitial collagens was intense in the intimal plaque, and in severe atherosclerosis the medial staining was also distorted (fig  4c) . In the case with total scarring of the aortic wall the media was stained throughout by the antibodies against types I and III collagens (not shown). Table 2 summarises the immunocytochemical findings. _ _ a . . . . . . . . . . . . . . . . . . . . ; 
ON.~~~~~~~~~~. ---,Wpqmr--matrix assembly could predispose the aortic wall to the influence of haemodynamic stress and degenerative changes in the media, although these cases account for only a minority of all dissections. A local absence or fragmentation of basement membranes and elastic fibres elsewhere in the aorta could explain the dissection of histologically and immunohistochemically "normal" aortas. Small local defects of type IV collagen were especially characteristic in aortitis and atherosclerosis.
Increased levels of elastases have been shown in dissecting aortas.7 A recent study proposed that elastases can also remove basement membrane collagen. 32 Our results suggest that the elastic fibres and the medial smooth muscle cell basement membrane collagen may be the main targets for these enzymes in the aortic wall. Further in vitro studies with aortic smooth muscle cells are required to show how hypertension is reflected in the synthesis of elastases, collagenases, and the ECM.
The immunohistochemical findings in this study clearly correlated with histological changes, and, to some extent, with the degree of fragmentation of elastic fibres. Thus we propose that the staining patterns of type IV collagen and fibronectin correspond to an absence of these components in the damaged areas of the media. An immunohistochemical study cannot, however, exclude the possibility of antigenetic masking. Recent observations show that an enzymatic pretreatment of paraffin embedded samples with pepsin has, in other instances, turned out to be a reliable tool in the immunohistochemical analyses of ECM components.24 33 Interstitial collagens types I and III did not show defects similar to those of basement membrane collagen and fibronectin. Indeed, they were found in abundancy, although sometimes in a distorted pattern. Their relative proportion in the aortic media seemed to be increased. This phenomenon could reflect a slow reparative process, compensating for degenerative events in the media. Hence in connective tissue disorders and metabolic diseases an abnormal ECM may lead to an increased compliance of the aortic wall.3 29I31 The high compliance could lead to the degeneration of medial smooth muscle cells, and, finally, to the degradation of their basement membrane, as well as to a loss of elastic fibres. Cells participating in the regeneration may slowly replace the smooth muscle cells so that the ECM becomes the interstitial type. The same sequence may occur in patients with no metabolic disorders, when the sequence leading to the change in the ECM is initiated by haemodynamic conditions, such as hypertonia or abnormal blood flow, as in aortic valve diseases.
In conclusion, using a sensitive immunocytochemical method, we showed that defects can be Sariola, Viljanen, Luosto found in the basement membranes of the media in dissecting aortas. The underlying mechanisms are unclear. Based on the observations described in this and other recent papers, however,' 6 20 the following scheme can be presented for the pathogenesis of the aortic dissection: various different diseases may lead to degeneration and necrosis of smooth muscle cells, a loss of their basement membrane, and an increased production of interstitial type matrix, most probably, by cells participating in the regeneration-namely, the fibroblasts. This sequence may be initiated either by hypertonia, abnormal blood flow, or connective tissue diseases that increase the aortic compliance or haemodynamic stress against the wall. Very local defects can be seen in aortitis and atherosclerosis. These "weak"' loci, however, could be enough to initiate the dissection.
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